A novel soft-photon amplitude is proposed to replace the conventional Low soft-photon amplitude for nucleon-nucleon bremsstrahlung. Its derivation is guided by the standard meson-exchange model of the nucleon-nucleon interaction. This new amplitude provides a superior description of ppγ data. The predictions of this new amplitude are in close agreement with potential-model calculations, which implies that, contrary to conclusions drawn by others, offshell effects are essentially insignificant below pion-production threshold.
Bremsstrahlung processes have been used as a tool to investigate electromagnetic properties of resonances, details of reaction mechanisms, and off-shell properties of scattering amplitudes. The most succesful example in the first case is the determination of the magnetic moments of the ∆ ++ (∆ 0 ) from π + pγ (π − pγ) data in the energy region of the ∆(1232)
resonance [1] . In the case of reaction mechanisms, a well-known example is the extraction of nuclear time delays from the p 12 Cγ data near the 1.7-MeV resonance [2] . The time delay distinguishes between direct and compound nuclear reactions. The initial goal of nucleonnucleon bremsstrahlung investigations was to distinguish among various phenomenological potential models of the fundamental two-nucleon interaction. Most measured ppγ cross sections could, in fact, be reasonably described by potential-model calculations, but the difference between predictions from any two realistic potentials appears to be too small to be distinguished by the data.
For more than 30 years, the conventional Low soft-photon amplitude [3] has been widely used for studying nuclear and particle bremsstrahlung processes. It seemingly provides a good description of the data for some processes. For instance, Nyman [4] and Fearing [5] used this amplitude to calculate ppγ cross sections which were in reasonable agreement with several measurements and potential-model calculations. However, it was recently pointed out by Workman and Fearing [6] that the results from this conventional Low amplitude differ significantly from the potential-model calculations for the TRIUMF data at 280 MeV [7] .
This difference was interpreted as evidence for "off-shell effects" in the ppγ process.
The main purpose of this Letter is to propose a novel soft-photon amplitude to replace the conventional Low prescription. This new amplitude, the derivation of which is guided by the structure of the standard meson-exchange model of the two-nucleon interaction, is relativistic, manifestly gauge invariant, and consistent with the soft-photon theorem. It belongs to one of the two general classes of recently derived soft-photon amplitudes [8] .
We demonstrate that the ppγ data from low energies to energies near the pion-production threshold can be consistently described by the new amplitude. Most importantly, we point out here that our amplitude essentially eliminates the discrepancy between the soft-photon approximation and the potential-model calculations.
That is, we demonstrate that "off-shell effects" are essentially negligible. Finally, we explore why the conventional Low amplitude works for some cases but fails for others.
In order to elucidate these points, let us consider photon emission accompanying the scattering of two spin-1/2 particles A and B,
Here, q 
Since a soft-photon amplitude depends only on either (s,t) or (u,t), chosen from the above set, we can derive two distinct classes of soft-photon amplitudes:
The general amplitude from the first class is the two-s-two-t special amplitude M T sT ts µ
that from the second class is the two-u-two-t special amplitude M T uT ts µ (u 1 , u 2 ; t q , t p ). The distinguishing characteristics of these amplitudes come from the fact that they are evaluated at different elastic-scattering or on-shell points (energy and angle). The soft-photon theorem does not specify how these on-shell points are to be selected.
The modified procedure for deriving these soft-photon amplitudes is described in detail in Ref. [8] . In this procedure, the fundamental tree diagrams of the underlying elastic scattering process play an important role in deriving the two general amplitudes. Thus, we argue that M
T sT ts µ
should be used to describe those processes which are resonance dominated [such as p 12 Cγ near 1.7 MeV and π ± pγ in the ∆(1232) region], whereas M T uT ts µ should be used to describe those processes which are exchange-current dominated (such as the npγ process). For the ppγ process, which exhibits neither strong resonance effects nor significant u-channel exchange-current effects, both amplitudes can be used in theory, although this has never been tested in conjunction with experimental data. We provide here the results of such an analysis. We emphasize that the general amplitude M 
where
In Eqs. (2-4), we have defined
and the factors R Q µ (Q = q f , q i , p f , p i ) can be expressed as
In Eq. (2), (3), and (4) by making the following substitutions: 
• are compared with the Harvard data [13] and a Paris-potential calculation [14] .
(Other potential-model calculations [6, [15] [16] [17] which include relativistic spin-corrections etc.
are similar.) Cross sections calculated using the amplitude M agrees well with the published TRIUMF data [7] and with the curves calculated using the Paris potential and the Bonn potential [7] . The amplitude M we can write is evaluated at just one energy and one angle. To be specific, at 100 MeV . A more systematic analysis, including other relevant factors, will be given elsewhere.
In conclusion, we have demonstrated that the amplitude M ; ---: result using M T sT ts µ ; · · · · · ·: result for Hamada-Johnston potential [12] . The data are from Ref. [11] . ; ---: result for Paris potential [14] . The data are from Ref. [13] . ; ---: result for Paris potential [7] ; · · · · · ·: result for Bonn potential [7] . The data are from Ref. [7] . 
